ABSTRACT
Introduction
Psoriasis is a proliferative skin disease [1] [2] [3] that has an inflammatory [4, 5] and genetic basis [6] [7] [8] [9] [10] . Based on familial studies as well as genome-wide scans of sibling pairs, susceptibility loci have been mapped to the alleles located on the distal end of chromosome 17 (17q) [6, 7] in some individuals, as well as on 16q [7] [8] [9] in others. In addition, genome-wide scans have identified the association of psoriasis with Histocompatibility antigens, cytokine-mediated inflammatory pathways (IL-23) and nu-clear factor-kappa B (NF-kB) pathways [10, 11] . NF-kB is a transcription activator that is activated by injurious stimuli.
While psoriasis has a genetic basis [6] [7] [8] [9] [10] , the clinical manifestation of the disease is often precipitated by a number of injurious stimuli which cause inflammatory skin injury and activate cell proliferation through the NF-kB signaling pathways. These include various allergens, infections [12] [13] [14] [15] [16] and even physical trauma, such as tape-stripping [17, 18] . It has been shown that the injury [17, 19] activates immune cells [17, 19] , including dendritic cells [19] and T lymphocytes, [19] with induction of inflammatory cytokines, in particular tumor necrosis factor-α (TNFα) [18] , resulting in growth factor-mediated epidermal proliferation [18] . In psoriasis, the role of infections and bacterial superantigens [12] [13] [14] [15] [16] [20] [21] [22] [23] [24] [25] in aggravating psoriasis has increasingly been recognized. In particular, Streptococcus pyogenes and Staphylococcus aureus isolates from patients with pso-riasis have been found to possess genes that code for superantigens [20] . We have previously reported the association between Staphylococcus aureus infection and erythrodermic spread of the disease [12] . This observation was supported by a recent study showing high prevalence of Staphylococcus aureus in psoriatic patients [16] . Additionally, the role of injury in priming the immune response for enhanced T-cell response against bacterial superantigens has also been observed [21] , emphasizing the synergistic role of skin injury, contact allergy and bacterial superantigens in the final phenotypic expression of the psoriatic process. More recently, we have also identified additional superantigens, such as lipopolysaccharides (LPS) and heat shock proteins (HSP60) in an animal model for lactose intolerance [26] .
Phosphorylase kinase is a unique enzyme in which the spatial arrangements of the specificity determinants can be manipulated so that PhK can alter the size and shape of the substrate binding sites [27, 28] . This allows the enzyme to transfer high energy phosphate bonds from ATP to substrates of different specificities, such as serine threonine and tyrosine moieties, involving PhK in phosphorylation of moieties of multiple specificities, such as is required for the activation of NF-kB. Since genome-wide scans have identified the association of psoriasis with NF-kB-pathways, it is also significant that curcumin, a phosphorylase kinase inhibitor, has been shown to suppress the activity of NF-kB [33, 34] .
In psoriatic epidermis, elevated PhK has been shown to correlate with both increased phosphorylation events and increased psoriatic activity [29] , with significantly higher PhK levels observed in both involved and uninvolved skin of active, untreated psoriasis, and a reduction of PhK activity in both involved and uninvolved skin of healing psoriasis [29] . Using topical curcumin [30] , a selective and non-competitive inhibitor of PhK [31] , we observed that a reduction of PhK activity by curcumin correlated with clinical resolution of psoriasis as shown by reduction of parakeratosis (histological marker of psoriasis), decreased expression of HLA-DR antigens (marker of TNFα activity) [32] , and marked reduction in the density of Ki-67+/PCNA+ keratinocytes (marker of psoriatic epidermal proliferation). Since it is well-known that psoriasis is induced by injury, the findings that PhK inhibition is necessary for resolution of psoriasis, coupled with the fact that PhK activity is induced by injury, suggest a mediating role for PhK between the events precipitated by tissue injury and the manifestations of clinical psoriasis. It is of interest that increased TNFα expression has been observed in psoriasis induced by tapestripping injury [18] .
Tournier et al. [35, 36] has observed decreased binding of cAMP analog to the Type II regulatory subunit of cAMP-dependent protein kinase in psoriatic cells, with abnormalities in retinoylation of the Type II cAMPbinding regulatory subunit of cAMP-dependent protein kinase in psoriatic tissue. Since the activity of cAMP protein kinase is triggered by binding of cAMP to its regulatory subunits, an alteration in binding properties of the regulatory subunits would alter the activity of cAMP protein kinase on their target enzymes. Cho-Chung et al. [37] have provided evidence that two isoforms, the RI and RII regulatory subunits of cAMP-dependent protein kinase, have opposite roles in cell growth and differenttiation, with RI being growth stimulatory and RII being growth inhibitory. It is possible that the RI and RII regulatory subunits of cAMP-dependent protein kinase may achieve their effects through mediation by phosphorylase kinase. We suspect that the inhibitory role of Type II cAMP-dependent protein kinase may be achieved through "switching-off/deactivation of phosphorylase kinase, and that the stimulatory role of Type I cAMP-dependent protein kinase may be achieved through "switching-on" phosphorylase kinase activity. We further suspect that fluctuations in the activity of cAMP-dependent protein kinases and their regulatory subunits may be triggered by injury to cell membranes in psoriasis.
We, therefore, postulate that the role of PhK in modulating the clinical manifestations of psoriasis is likely related to the following: PhK may be manipulated by various cAMP protein kinases to function as a "switchon" and "switch-off" mechanism for wound healing. Following injury, PhK is activated by Type I cAMPdependent protein kinase, which causes a conformational change in the molecule, exposing further sites on the molecule for phosphorylation reactions, thus serving as a "switch-on mechanism" for NF-kB-dependent signaling pathways involved in wound healing. These NF-kB-dependent pathways are inhibited by the PhK inhibitor, curcumin [33, 34] . After the wound is healed, PhK is deactivated by Type II cAMP-dependent protein kinase through another conformational change in the molecule, thus serving as a switch-off mechanism for wound healing. The regulatory subunits for cAMP-dependent protein kinases have been mapped to alleles on the distal end of the 17th chromosome (17q) [38] , while the β-subunit of PhK, which contains the receptor site for Type II cAMP-protein kinase, has been mapped to 16q [39, 40] . It is of interest that alleles from both 17q [6, 7] and 16q [7] [8] [9] have been identified as susceptibility loci from genomewide scans and scans from psoriatic families.
We suspect that the persistently elevated levels of PhK activity found in psoriatic epidermis [29, 30] reflects an abnormal switch-off mechanism for the elevated levels of PhK activity induced by injurious stimuli found in genetically susceptible psoriatic individuals. This failure to down-regulate the activity of this enzyme after injury may be responsible for the persistently abnormal histological and biochemical findings in psoriatic lesions.
Based on the above, we postulate that a therapeutic regimen that targets the elimination or attenuation of a number of injury factors related to the precipitation of psoriasis should result in improvement of psoriatic activity. This included avoidance of contact allergens, treatment of bacterial superinfection with long term antibiotics, inhibition of TNFα by topical corticosteroids [41] [42] [43] and inhibition of PhK by topical curcumin [30, 31] . This proof-of-concept paper reports the results of this therapy in a large cohort of consecutive psoriatic patients in whom the disease had failed to respond to the conventional topical and systemic therapy.
Patients and Methods
The patient population consisted of a personal series of consecutive psoriatic patients seen in one of the author's (MCYH) consultative dermatology practice between January 2003 to April 2009. There were 647 patients, M = 48.5%, F = 51.5%, mean age 45.2 ± 24.6 yr (mean ± SD). The patients were referred because of clinical failure to respond to conventional therapy used during the period of the study. They had failed on one or more of the following: topical steroids, methotrexate, etretinate, and biologics (etanercept, infliximab and adalimumab). All the patients were on topical steroids (corticosteroids) and/or calcipotriene or Dermazinc preparations, and 10% were additionally on one or more of the others. The baseline characteristics of the patient population are summarized in Table 1 .
The curcumin gel used in this study is a propriety preparation classified in the United States as a cosmetic. All patients were counseled on the therapeutic regimen and the rationale for its use. In particular, they were aware of the status of the curcumin gel, and the fact that the therapeutic regimen was used with the aim of ameliorating the psoriatic lesions that had failed to respond to previous treatment. Data related to the demographics, clinical characteristics and therapeutic response were obtained from charts without notation of patient identity. Because of this, and the fact that the analysis was retrospective and observational, informed consent was not applicable.
Protocol
At initial consultation, a detailed history and physical examination was performed, and the skin involvement documented by clinical assessment and photography for Psoriasis Area Severity Index (PASI) scoring. Patients were also seen at the 4th week, 8th week and 16th week for assessment of their PASI scores. During this followup period, adjustments to allergen assessments and antibiotic treatment were made, if necessary. The reproducibility of PASI scores was measured in a subgroup of 20 subjects. The scores were measured on two separate occasions one week apart with the identity of the subjects removed. The two measurements were averaged, and the percent deviation of each measurement from the average score was calculated. The mean percentage deviation was 0.6% ± 0.8% (mean ± SD). The percent deviations ranged 0% -2.7%.
Bacterial colonization of psoriatic skin: The affected skin was cultured using a culture tube in gel transport medium. The cotton swab was first dipped in the gel, and vigorously rubbed over the psoriatic skin, targeting excoriated and pruritic areas, and sent for bacterial culture and sensitivities.
Identification of precipitating factors and aggravating factors: Depending on the sites of involvement, potential allergens were identified as follows: 1) Scalp: Pityosporum ovale (seborrheic dermatitis), black/brown (paraphenylene diamine) hair dyes, nickel from coins and keys through touching with the fingers, and Staphylococcus aureus/MRSA infection. Overgrowth of Pityosporum ovale may be worsened by stress and by lactose intolerance.
2) Trunk and Limbs: Elastic antioxidants in rubber wet suits, clothing (shirts, blouses, slacks, socks and underwear); paraphenylene diamine dyes in black/brown clothing, socks/stockings, belts and wet diving suits; trivalent chromates in leather products (belts, boots, shoes, upholstery); nickel from coins and keys, buttons; Staphylococcus aureus or MRSA infection.
3) Palms and Soles: Trivalent chromates in leather footwear, elastic antioxidants; neoprene glues, paraphenylene diamine dyes, elastic antioxidants, formaldehyde and anti-fungal products, leather or black steering wheel cover, leather gloves, latex gloves, glues/dyes/elastic antioxidants/trivalent chromates in tennis rackets and golf clubs, nickel from coins and keys; hair dyes, with contact made during hair washing; other products containing trivalent chromates such as cement, gasoline, brake fluid, motor oils, printer's ink, electrolysis solutions; Staphylococcus aureus and MRSA infection.
4) Flexural Areas, Axilla, Groin, Buttocks: Candida albicans, elastic antioxidants, deodorants, black/brown dyes, lactose intolerance, bacterial superinfection.
5) Guttate psoriasis: This is known to be precipitated by streptococcal infections (in susceptible patients with HLA-B16) involving the throat, sinuses, ears, or perianal skin. Because the perianal erythema is usually associated with colonic inflammation in lactose intolerant individuals, patients with involvement of the buttocks and perianal skin were put on a lactose free diet. 6) Lactose Intolerance: Lactose intolerance was suspected to be present when there was perianal erythema or dermatitis. In addition, symptoms of constipation, diarrhea, hemorrhoids, diverticulitis, colitis, known colon polyps, sebaceous hyperplasia and mild acanthosis nigricans were also considered likely presumptive evi-dence for lactose intolerance.
Antibiotics: All patients were initially started on oral cephalexin, which was continued until clearance unless resistant strains were cultured. The antibiotics were changed as indicated by the culture results. Patients who were culture positive for Staphylococcus aureus and resistant to two or more antibiotics tested, were treated with two sensitive antibiotics. Methicillin resistant staphylococcus aureus (MRSA) were initially treated with two sensitive antibiotics (usually trimethoprim-sulfamethoxazole and clindamycin). MRSA infections that failed these combinations were treated patients with intravenous vancomycin. The antibiotics were continued until the patients were clinically clear.
Antifungals: Oral fluconazole 200 mg weekly were given for scalp psoriasis and flexural psoriasis, and continued until clearance.
Chlorox baths: All patients were put on chlorox baths daily. They used one eighth to one quarter of a 5 oz cup of chlorox bleach dissolved in a half-filled full bath of water. Patients soaked themselves for 5 minutes. They were told to pour water all over their heads and exposed trunk and limbs, to clean the inside of their nares with the bath water, but to avoid wetting their ear canals.. After the chlorox bath, they showered off the chlorine with soap and water, washed their hair with shampoo, and dried themselves with a fresh towel daily. They also changed clothes, socks, bed-sheets and pillow cases daily. Chlorox baths were used to allow the chlorine in the bath water to penetrate the bacteria-containing porous psoriatic scales.
Topical Preparations: For the scalp, patients used clobetasol solution 0.05% each morning. For the trunk and limbs, they used a combination of clobetasol cream 0.05% mixed with equal parts of ketoconazole cream 2% morning and noon. For the face and flexural areas, they used a combination of triamcinolone cream 0.1% mixed with equal parts of ketoconazole cream 2% morning and noon. For resistant plaques, they may use clobetasol cream 0.05% undiluted, and occasionally clobetasol 0.05% solution or spray.
Curcumin gel: Curcumin gel was used for all involved areas after the chlorox bath and shower at night. In order to increase penetration of curcumin gel through the air-filled porous psoriatic scales that retard penetration of topical preparations, 70% rubbing (isopropyl) alcohol was used to wet the scales and displace the air within the air-filled spaces within the scales. While the scales were still wet, curcumin was massaged into the wet alcohol, which enabled the curcumin gel to penetrate through and under the psoriatic scales.
Avoidance of allergens: Patients were repeatedly instructed to avoid elastic/latex/spandex clothing, socks and gloves. They used clear vinyl gloves under their latex gloves or leather gloves. They also use clear vinyl gloves when pumping gas. Coins and keys were put in plastic bags, and patients wash their hands after touching coins and keys. They avoided stretch clothing and socks. Boxer shorts with ties were encouraged, but patients were permitted to use elastic underwear that was lined by three layers of non-stretch material separating the elastic from the skin. They inserted plastic wrap/bag between the skin of their feet and socks, or between the socks and shoes whenever applicable. Black/brown clothing and hair dyes were avoided. They may use vegetable dyes such as henna, or peroxide.
Follow-up visits: Patients were advised to discontinue biologics, methotrexate and etretinate therapy, but were continued on their topical steroid preparations. Most of the patients had, on their own accord, stopped biologics because of response failure prior to the visit. The patients were reassessed at 4 weeks, 8 weeks and 16 weeks. Clinical evaluation and repeat photography for PASI scores were performed at each return visit. Skin lesions were re-cultured if indicated and the appropriate antibiotics prescribed. A second antibiotic was added if culture results showed development of resistant strains. During these visits, deviations from the regimen were corrected, including delays in starting curcumin gel, and failure to comply with avoidance of elastic antioxidants, nickel or black dyes, or lactose containing foods.
Data Analysis
Data was analyzed using SPSS for Windows. Continuous data was analyzed using the appropriate significance tests for parametric and non-parametric data. Categorical data were analyzed using the chi-square and related tests, and non-parametric data by the Wilcoxon signed ranks and related tests. Parametric analysis with paired-t tests or repeated measures analysis of variance was done whenever possible. However, the data for PASI scores were not normally distributed and did not meet assumptions of parametric analysis. Therefore, the non-parametric Wilcoxon signed ranks tests for paired samples were done to compare baseline PASI scores with scores at 4, 8 and 16 Large Cohort of Psoriatic Patients: A Proof of Concept Study weeks. Results were considered significant when p < 0.05 for the two-tailed tests.
Results

Baseline Characteristics of the Patient Population
The baseline characteristics of the patient population at the start of treatment are summarized in Table 1 . Of the 647 patients, 51.5% were females, and 48.5% males. The age was 45.2 ± 23.6 (SD) years. The patients were divided into quartiles by age to assess whether response to treatment was age related. The average PASI score before start of treatment was 24.7 ± 17.4 (SD), with a range of 4 -72. All the patients were on topical steroids at the start of treatment, and 10% were on topical steroids with recent use of one or more of the following: methotrexate, etretinate, and biologics. Skin cultures were positive in 62.9% of patients; of these 90% were Staphylococcus aureus (including 6% MRSA), 9% streptococcus sp., and 1% mixed bacteria (Aeromonas, Serratia).
Assessment of Improvement in PASI Scores with Therapy over 16 Weeks
Treatment with our regimen resulted in significant improvement in psoriasis measured by PASI score, as shown in Figure 1 . Before treatment (n = 647), the PASI score was 24.73 ± 17.09 (mean, SD). After treatment, the scores were as follows: at 4 weeks (n = 638), 11.45 ± 8.06 (p < 0.0001); at 8 weeks (n = 636), 4.46 ± 4.24 (p < 0.0001); and at 16 weeks (n = 641), 0.93 ± 2.55 (p < 0.0001).
We also examined the improvement in PASI scores by computing the slope of the scores for each person, assum- ing a linear model of change with time, and using theslope as a measure of change. The results are shown in Figure 2 . In this analysis, a negative slope indicates improvement, and the value indicates the mean improvement in PASI score over the 16 weeks of follow up.
A slope of 0 means no improvement, and a positive slope means worsening with treatment. This analysis showed that no patient had slope of 0 (no improvement) or a positive slope (worsening of score with treatment). The mean slope of the group of patients was significantly different from zero, indicating that the PASI score of the group significantly improved (p < 0.0001) during the period of study. In addition, the slope was highly correlated with initial baseline score, (r = 0.988, p < 0.0001), meaning that patients with the worst baseline PASI score had the highest rate of improvement.
Assessment of Proportion of Patients Healed
The proportion of patients that had clinically healing judged by a PASI score of 0 (PASI = 0) is shown in Figure 3 . This analysis shows that the number of healed patients increased with time, and was over 70% after 16 weeks. Patients that had PASI = 0 was 0.03% at the 4th week, 6.5% at the 8th week, and 72.2% at the 16th week.
We also analyzed the data taking into account the number of patients that did not present for follow up at the designated weeks (9 at 4 weeks, 11 at 8 weeks, and 6 at 16 weeks) and the percentage of patients with PASI = 
The Effect of Gender on Treatment Response
The effect of gender on response to therapy is shown in Table 2 , and the results suggest that females appear to respond better to the treatment regimen compared to males. PASI scores were similar in males and females at baseline to 8 weeks. However, at 16 weeks, the PASI was significantly lower in females compared to males: 0.65 ± 1.72 vs 1.23 ± 3.18 (p < 0.005). In addition, the percentage of females who appeared healed with a PASI score of 0 at 16 weeks was significantly higher than males: 77.0% (n = 254) vs 68.5% (n = 213).
The Effect of Age on Treatment Response
The effect of age on treatment response is shown in Table 3. The patients were divided into 4 quartiles of age, and the results showed while all groups responded to treatment with lower PASI score at 16 weeks, the youngest quartile < 20 years appeared to improve the most. At 16 weeks, the PASI score in this quartile was significantly lower than in the other 3 quartiles (p < 0.0001). In addition, an analysis of the slope showed that this age quartile had a slope negativity for PASI scores that was significantly greater than the other 3 groups (p < 0.024). These results indicate that patients under 20 years of age appeared to have the greatest rate and degree of improvement to treatment with our regimen compared to older patients. However, while the data does suggest that while the younger patients tend to heal more and faster, the relationship between age and treatment response is not monotonic, and the age quartiles above 20 years showed no effects of age with response to therapy.
The Effect of Infection on Treatment Response
We examined the treatment response by presence and absence of infection on skin cultures. Of the total group of patients (Table 4) , 37 .1% (n = 240) had negative skin cultures (culture-negative group), while 62.9% (n = 407) had positive skin cultures (culture-positive group). Of the positive cultures, 90% were coagulase positive staphylococcus (Staphylococcus aureus and MRSA), 9% streptococcus sp, and 1% mixed bacteria. The culture-positive group had significantly higher baseline scores (PASI 29.6 ± 17.3) than the culturenegative group (PASI 16.5 ± 13.0; p < 0.0001).The culture-positive group was also significantly younger (42.4 ± 25.3 yr) than the culture negative group (50.1 ± 19.5 yr; p < 0.0001) There was no difference in the response to total therapy as shown by PASI scores at 16 weeks between the culture positive (PASI 1.13 ± 3.04) and culture negative groups (PASI 0.58 ± 1.29). This lack of difference in the response was shown both with regard to the percentage that appeared healed at 16 weeks and the slope of the improvement rate. At 16 weeks, 76.3% of the culture-negative group was healed (PASI = 0), while 70.8% of the culture-positive group were healed (p = 0.413). Figure 4 shows the slope of the change in PASI scores after treatment in the culture-positive and culture-negative groups; the slope between the two groups was similar.
At 16 weeks, the group of patients who did not heal and had greater residual disease as judged by a PASI score of >5, contained a significantly greater number of culture positive patients (4%, n = 16) compared to the number of culture negative patients (0.4%; n = 1; p = 0.018). This suggests that infection is possibly a cause of the failure to completely heal with treatment in these patients, but the umbers are probably too small to draw any definitive conclusions.
Clinical Patients with Lactose intolerance
Patient 1
Patient 1 (Figures 5(a)-(b) ) is an 80 year old female with total body psoriasis (PASI 70) for 60 years, with culture positive MRSA from truncal skin, only cleared after 12 weeks of intravenous vancomycin, followed by 4 weeks of oral clindamycin 300 mg bid and trimethoprim/sul up 26 months later. She is still on a lac-
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s also put on oral keflex, oral diflucan, al steroid creams during the day, and curcumin gel after a chlorox bath at night. famethoxazole (one DS tablet twice daily). Additional aggravating factors in this patient included lactose intolerance, contact allergy to paraphenylene hair dyes and black/brown clothing, allergy to elastic antioxidants from bras, stockings, underwear and stretch clothing. She was tapered off her topical clobetasol creams followed by taper of curcumin gel. She remains clear on no therapy when followed tose free diet.
atient 2
The psoriatic patient in Figures 6(a)-(b) is a 38 year old man who is lactose intolerant, with perianal psoriasis, which was culture-positive for both Staphylococcus aureus and Streptococcus sp. He had generalized guttate and plaque psoriasis with involvement of flexural areas (groin, navel). Aggravating factors include lactose intolerance and contact allergy to elastic antioxidants and paraphenylene diamine dyes. He may also have been allergic to nickel from handling coins and keys. He was 
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Discussion
Paradigm
In this study, we have postulated a paradigm (Figure 8) , linking the precipitating and aggravating factors that lead to worsening psoriasis through PhK activity. It includes the role of inflammatory cytokines, in particular TNFα generated by both antigens and superantigens as a mediator between the precipitating factors and PhK, which may explain the observed beneficial effects of topical corticosteroid preparations in our treatment regimen. We used this paradigm to serve as a basis for a therapeutic regimen, and report on t proof of concept study.
Role of Infections and Bacte Superantigens in Psoriasis
The results of our study are consistent with the notion that bacterial superantigens played a significant role in amplifying TNFα-dependent phenotypic expression of psoriasis. We found that over 62% of psoriatic patients had positive cultures for superantigen-producing bacteria. Of these, staphylococci, such as Staphylococcus aureus and MRSA, were found in 90% of culture-positive psoriatic skin. The association of Staphylococcus aureus in skin disease, including psoriasis, was reported as early as 1986 [12] . Our current findings are consistent cultured from 64% of lesional psoriatic skin, 14% of non-lesional skin, and 50% of the nares [16] . The report also postulated that the Staphylococcus aureus was responsible for superantigen production in the psoriatic patients [16] . However, we also cultured superantigen-producing streptococci in 10% of patients. We suspect that the proportion of streptococcal cultures was low n . ding ques, we did not routinely culture the perianal areas, where most of positive streptococcal cultures were obtained. We also suspect that streptococcal colonization, most-likely from a perianal source, may have played a role in our culture-negative psoriatic patients who responded to oral cephalexin. This inference is supported by reports of close associations between streptococcal [14, 15, 20, [22] [23] [24] [25] and staphylococcal [12, 13, 16] infections and psoriatic activity. Streptococcal infections, frequently from perianal sources in adults [44] have been reported to be associated with guttate psoriasis [45] . Although streptococcal throat infections have long been known to exacerbate guttate psoriasis, it is only recently that streptococcal infections have also been shown to exacerbate chronic plaque psoriasis [15] . Histocompatibility antigens, such as HLA-B16 and HLA-C have been associated with the susceptibility to streptococcal infections perhaps through binding of bacterial antigens to the histocompatibility complex, and HLA-C in partic s been associated with guttate psoriasis [45] [46] [47] [48] .
Our observation that the culture positive group had significantly higher baseline PASI scores (29.6 ± 17.3) compared to the culture-negative group (16.5 ± 13.0, p < 0.001) strongly suggests that bacterial superantigens play an important role in disease severity. Despite this difference at baseline, the response to treatment in both groups measured by PASI scores was similar at 16 weeks, probably because of antibiotic treatment. Because the psoriatic disease tended to recur with premature withdrawal of oral antibiotics in both culture-positive groups, our protocol included treatment of infected groups by antibiotics until normalization of the skin barrier. We also observed that oral antibiotics were essential to obtain continued improvement as long as psoriatic lesions were still present, but could be discontinued without disease recurrence (1 -5 year follow-up; Heng MCY unpublished data) once the patients were totally clear. In some patients, improvement was observed initially, with relapses associated with cultures of resistant Staphylococcus aureus colonies. Such patien nations of multiple antibiotics. Long term antibiotic therapy has also been observed by others to benefit patients with chronic plaque psoriasis [49, 50] . Saxena and Dogra, after treating their patients with intramuscular benzathine penicillin 2.4 million units fortnightly for 48 weeks, and 1.2 million units monthly for 2 years, reported improvement after 12 weeks of therapy, with excellent improvement after 2 years of therapy [49] . In a recent study, Saxena and Dogra, observed improvement with 48 weeks of azithromycin in a controlled study. Recurrences were observed when azithromycin was stopped after 48 weeks in 16.6%, and after 1 year of therapy in 20%. Improvement was observed in these patients with reinstitution of therapy [50] . Since both streptococcal [22] [23] [24] [25] 51, 52] and staphylococcal superantigens role in aggravating chronic plaque psoriasis, both ria have to be treated.
Role of Contact Allergens in Psoriasis
The common contact allergens in our patients include nickel, paraphenylene diamine dyes, elastic antioxidants and trivalent chromates. In our patients paraphenylene diamine dyes (hair dyes and clothing) and elastic antioxidants were the most common precipitating and aggravating factors in our patients. Unlike superantigens which bind outside the MHC (major histocompatibility complex) binding groove of antigen presenting cells, and area able to activate large numbers of T cells (20%) with secretion of large quantities of TNFα, contact allergens usually bind only to the MHC binding groove of antigen presenting dendritic cells, which present these allergens to the T cell receptor for antigen recognition. The ensuing T cell activation results in activation of only 0.0001% of the T cells, results in secretion of correspondingly small quantities of TNFα. Nevertheless, the pruritic contact eczema when scratched results in damaged stratum corneum, with serum oozing to the skin surface. The serum not only provides a culture medium for Staphylococcus aureus, but also contains essential proteases necessary to release T cell mitogens (superantigens) from the bacterial cell membrane [12] . As discussed above, the bacterial superantigens a te psoriatic activity by stimulating the expression of large amounts of TNFα.
Contact allergens may serve also to prime the immune system for specialized cytokine secretion by converting non-stimulated naïve cells into memory cells. For example, it has also been shown that the superantigens of Staphylococcus aureus stimulate the production of IL-17 from memory but not naïve T cells [53] , suggesting that contact allergens may prime T cells to produce IL-17 when further stimulated by staphylococcal superantigens This observation emphasizes the importance of avoi contact allergens in the management of psoriasis.
Role of Lactose Intolerance in Psoriasis
Lactose intolerance was extremely common in our patients (>60%). The presence of lactose intolerance was strongly suspected in our patients with perianal erythema. These patients frequently have associated streptococcal infections and lesions over their buttocks, thighs and legs. The importance of lactose intolerance in our patient population is suggested by the observation that some (Figures 5-7) , and relapse of their psoriasis occurred with intake of lactose with accompanying perianal dermatitis. Even in patients with colostomy for ulcerative colitis, the perianal psoriasis could only be cleared with a lactose free d e first report of aggravation of psoriasis by lactoseintolerance.
In lactose intolerant individuals, the undigested sugar interferes with colonic bacterial function and survival and probably causes events that lead to inflammatory changes and heightened immune responses that affect psoriatic activity. Experimentally, the presence ofundigested carbohydrate in the colon increases the osmotic pressure in the colon and results in colitis with release of lipopolysaccharide (LPS) bacterial membranes from dead and dying bacteria [26] Lipopolysaccharides have been shown to induce Th17-polarized response by dendritic cells through IκBα kinase and p38 MAPK phosphorylation [54] . Lipopolysaccharides are also capable of inducing TNFα-primed dendritic cells to produce IL-23 and induce resting CD4 cells to secrete IL-17, resulting in secretion of high levels of TNFα by the inflammatory cells [55, 56] . It is of interest that IL-23 and Th17 cells have been found to be important in gut inflammation,56 while blockade of IL-23 and TNFα by monoclonal antibodies result in reversal of the colonic inflammation [58, 59] . It is also significant that the involv pathway has been considered an important pathway the psoriatic process [60, 61] .
Role of Phosphorylase Kinase Inhibtion in Resolution of Psoriatic Lesions
The psoriatic lesion is dependent on the activity of two components: a) the psoriatic component, and b) the inflammatory component. While the inflammatory component, which is dependent on a number of cytokines, including TNFα, may be observed in many inflammatory skin diseases, including contact dermatitis and atopic dermatitis, the psoriatic component is tic psoriatic tendency, which has been linked to abnormalities in 16q [7] [8] [9] and 17q [6, 7] .
At the cellular level, the psoriatic component is manifested by the conversion of the unstimulated keratinocyte, which is PCNA (proliferating cell nuclear antigen) negative, into its psoriatic or proliferative counterpart, the PCNA+ cell. The presence of the PCNA+ cell is identified by the immunocytochemical marker, Ki-67+, and is unique only to the psoriatic disease. The PCNA positivity confers upon the psoriatic keratinocyte the ability to produce epidermal turnover times of once every 4 days, compared to the normal turnover times of once every 60 days. In addition, the PCNA+/Ki-67+ psoriatic keratinocytes are responsible for the well-defined lesions of both plaque and guttate psoriasis. We have previously shown a correlation of psoriatic activity with PhK activity, [29] as well as correlation of PhK to the Ki-67+ cells in psoriatic epidermis [30] . Furthermore, we have shown that suppressing PhK activity using its selective inhibitor, curcumin, in a topical gel preparation, was effective in producing resolution of psoriasis, [30] as well as suppression of CD8+ T cell density [30] . Of interest is the observation by Ortega et al. [61] that IL-17 producing CD8+ lymphocytes from psoriatic plaques secrete Th-17-related cytokines. Furthermore, our results of this study provides further proof-of-concept data to our previous observation that topical steroids alone, through TNFα inhibition, is not effective in producing complete and sustainable resolution of psoriasis, and that to clear psoriasis completely, the addition of a PhK inhibitor, such as curcumin gel, is also necessary. Our current observation provides added credence to our prior observation that a return to normal numbers of Ki-67+ ke cytes associated with therapy by curcumin gel was nec essary for complete resolution of psoriasis [30] .
Results of Treatment and Comparison with Other Reported Therapies
The results of this study show that a high proportion (over 72%) of psoriatic patients with mild to severe psoriasis can be cleared within 16 weeks of treatment with a protocol consisting of PhK inhibition with topical curcumin (anti-psoriatic treatment), topical corticosteroid preparations (anti-inflammatory treatment), as well as strict removal of precipitating and aggravating factors (PhK-generating). These results compare favorably with other studies showing 16.7% of adalimumab-treated patients, 7.3% of methotrexate-treated patients, and 1.9% of placebo-treated patients achieving complete clearance at 16 weeks [61] . The PASI scores in our patients (24 ± 17.09) were similar to the adalimumab-treated group (20.2 ± 7.5), and methotrexate group (19.4 ± 7.4) [61] . In a recent study comparing two etanercept regimens, 46% of patients receiving 50% etanercept twice weekly by subcutaneous injection received a physicians' global assessment of "clear or almost clear" at 12 weeks compared to 32% for the 50 mg weekly dosage [61] , with 56% clearance for the biweekly dosage at 24 weeks compared to 50% for the weekly dosage.61 In this study, we separated patients that were totally clear (PASI 0) from those that were "almost clear" (PASI 1-5), and the 72.2% reflects only patients that were totally clear (PASI 0) at 16 weeks. If confirmed by others, ou Large Cohort of Psoriatic Patients: A Proof of Concept Study psoriatic lesions [63] .
ized controlled trials to con eded.
completely clearing
Conclusions
The results of this study show that a protocol consisting of topical curcumin, topical steroids, together with treatment of bacterial superantigens, avoidance of contact allergens and lactose containing foods, is effective in producing resolution of psoriasis in over 70% of patients within 16 weeks. Our data support the important role of TNFα-generating superantigens (staphylococcal, streptococcal and LPS), and the priming role of contact allergens in the psoriatic process. Our data also support the hypothesis that the two candidate psoriatic genes [6] [7] [8] [9] (mapped to 17q and 16q) regulate NF-kB pathways modulated through PhK activity, and that psoriasis may be the result of failure to deactivate the elevated PhK activity induced by injurious stimuli, resulting in persistent epidermal proliferation though NF-kB/TNFα [64, 65] dependent pathways. We emphasize that while the treatment protocol has strong biologic rationale and plausibility, the results of this report are from an uncontrolled, retrospective and observational analysis, and should be regarded as a proof-of-concept study. Random firm the results are ne
